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BREOBZERE
Freeze-Out At To Ten Te
\ P

Hadron Gas

1,< 1 fm/c

T, — Critical temperature for transition to QGP
T.,— Chemical freeze-out (T, < T.) : inelastic scattering stops
T;, — Kinetic freeze-out (T, =< T,,): elastic scattering stops
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p+p & Au+Au
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Hydro-calculations including chemical potentials: P.Kolb and R. Rapp, Phys. Rev. C 67 (03) 044903

"PHENIX prelim
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* Note: all data points are preliminary results (QMO02).
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-U- _ 7)1/67\ﬁ C‘:. EE E"] EE)J (collective flow)
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Au (Pb) + Au(Pb) Central Collisions
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EFTHEEE (T, —€) & L2V EIh—E) Z2IRE (@
chemical freeze-out)
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Ratios

10"

10

F—4% vs. JEEHIY — < LETIL (RHIC)

plp MA E/E QIQ mint KIK Kim p/m KYh o/h Ah Eh Qin * plp KIK® Kin plm Q/h

— i A x10 ! = x 50
= o e T T A ! Yo
% STAR e ; —-em
= PHENIX : -
— O PHOBOS T ~c : '
— A BRAHMS ﬂ%‘ ‘ : oK
B s =130 GeV e 1 s\ =200 GeV
- Model re-fit with all data 7’&7 J, E Model prediction for
— T =176 MeV, u, =41 MeV RS 1 | T=177 MeV, p, =29 MeV
Braun-Munzinger et al., PLB 518 (2001) 41 D. Magestro (updated July 22, 2002)
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High p; IREH1FIXNR@RHIC

PRL91, 072301(2003)

_ YieldAuAu/<NbinaW>AUAu

PHAKENIX ROy
18 PHYSICAL

A ® Central 20 (0-10° T )
& entral z? (0-10%) Jet QuenchRgViEw
- Peripheral =° (80-92%) L TTER
14 ﬁz Ieaging parf?cle
i 14 January 2002
1.2 __ Volume 88, Number 2
1 E' """ T i I “f- [ ] i { ) [ """""""""""""""" A;}:;£"5;”é°v...
B u (?I++ W2
0-8:— 1 l l l l l l * I ..,+;‘:3t:{ru-lsH.__.....-': liniidedankie *
0.6
04 v
02—¢§§§++ ,,,,,,,,,,,,,,,,,,, = e 3
0 : | | | I | | | I | | | I | | | l | | | l Member Subsetiption Copy
0 2 4 6 8 10 ’ Libtary or Other Institutional Use Proh il 200

ry o d Until 2007
pT (G eVI C) K@ Published by The American Physical Society
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Nuclear Modification Factor R,,/R¢p

p+pA o FRISNDRSFLNODIT NTEELL
d*N™ /dp,d Yield . (N33 )

u(Pr) T,d*oc™ /dp,dn cr(Pr) Yield v /(N L")
<Nb1‘nary>/01'nelp+p

R 1.4:
121 R =1 R < 1:REHNHINE
10 ===~z ! (pT>3GeV/C)
08| e R=1:ppOEREHE
061 < (hard scattering) TaCuk
0.4: uSOftn
0.2 -
09— =23 4 5 ¢

Tranverse Momentum (GeV/c)
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RHICTOD/NU A %R

PHENIX: PRL 91, 172301 (2003), PRC 69, 034909 (2004)

o 25 T T T T T T T T T T T T T PHENIX AutAu \Jsy,, =200 GeV
O i — : 1.8 protonipion il anti-protonipion
T L e(+p)/2 Yield®!o) /NO™ 4 gt I ;
2k |on Yield® S /NP “ 14b ¥ ok EEEES%EQ 3
[ 1 o ¥ ]
i i ’ 1.2F 1t » pt+p,\s=53GeV, ISR 1
1.5 { =] T 1f --- e'e, gluon jets, DELPHI
i i 1L i | PR e'e, quark jets, DELPHI ]
| & .'QLL%T} ------------------------------ - 0.8 ]
s 0.6F ]
- o i C ]
0.5~ .(:3 Q B 5 ] 04 + .
d Terogeg o & o 0.2f X
0 ! 1 ! | | L] s i +
0 1 2 3 4 5 6 7 00 ; . s
Py (GeVic) p; (GeVic) p; (GeVic)
BF REF: « thlM E1%2: pin & pbarln AN E DR B
IR B3R B S h g F-BFHoHI3fED1EM (HfEp, EiE)
== A b ofE30 & 22 : gluon/quark jet fragmentation &

N, scaling @ 1.5 GeV - RS F—A2&FELAL
4.5 GeV
n0: SHUVIFRIZIR 17
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¢(1020) A Y > DizEIE ?

proton, pbar: PHENIX: PRL 91, 172301 (2003), PRC 69, 034909 (2004)

¢: PHENIX final data, will be submitted to PRC.

¢ FEF:

EFLEREEDHEEEZROAVYY,
-S> BRAIINE=N\UA D DIRSE WD
B H5RFNDEE (collective
flow) DFIRENES I ERHD(HE
BT AMIF

&+ - &+
{ELY p; (< 1.5 GeVic): RHEBD
MRICLYELDS

o Hf p;: Ncoll TR —)L

‘\I‘— 10-1élllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Illlg
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i 107
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S 107¢ E
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> - ]
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Compilation on R, from STAR

Presented by M. Lamont (QM04) o
STAR Preliminary (Au+Au @ 200 GeV)

" Scaling | * |

—— binary
SRERY participant

o
O
oC
®9
A K ® AR ¢ _05%
10_1 _ A Kt O lhi- I 4OI'6O /O_

0 | 2 | 4 6
Transverse Momentum p,(GeV/c)

R,: 22D T IV—T  Tlabb A enNYAVITHahnd, RiF
DEETIEAMNTLVEL,
pr ~ 2 GeVic Thhh., 5GeVIcTHUIZHS.
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Recombination €5 )L

1.2 . . i . , | PHENIX proton/x ratio |
o 9 PHENIX R & 16F « proton/z

2 1.0} 9! R p+pbar PHENIX CP B = proton/s’ p/m
N s — 7 (b=0)/(b=12) R+F | “F Duke
P :I — p+pbar (b=0)/(b=12) R+F 1.2F Oregon

0.8° 1
8 O T o TAMU w/ shower
i 1 : TAMU no shower
° -
s oaf
— -
o 0. 0.6F
a 04
& n
m 0- : “‘ ......

0.2F NG e
0.0 . . . . . : : . 0: T T T T T
2 3 4 5 6 7 8 9 10 C T
0 8 9 10
Pt (GeV) pr (GeV/c)

* Ry, (BF+REF) ETINEEEN—E
. %L (thermal - hard) DFSEMZ HELY BN —BAH

HFSIZRZAS
- Recombination® 7 /L:EMES)I/NA—F 2 LANJLTH

4

®9 5 & Z{XE (partonic flow,f;~0.55c at T=T_).
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FREp FBDEF - REEFERDEIRE?

- HFfp; EEIZY 7 b SN—RT7OEZAAD
BT TH S, DR CBHELRX BN H
AHDITTILZZ N,

+ il p; FEETORF. REBFEBRDERA
N_AXAL?

— BIFEER S U H— (ptpbar, n+K)Z{E> T
v MEBZAIE (in Au+Au, d+Au)
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PID triggerCH#7/=> = v MEB

MESON TRIGGER BARYON TRIGGER 1 Trigger (PID)
L ®AuAu, 0-5% OAuAu, 20-40% - =25-4. Vv
[ wAuAu, 5-10% & AuAu, 40-60% ] Py S 0 GeVic
z’ S ;b cAuAu, 10-20% gAuAu, 60-70% _3
= N )
o) .
e Near side
Z.
0 e %
*Line: calculated combinatorial
0051152253005 1152 25 3 BG modulated by the measured v,
PHENIX, nucl-ex/0408007 A¢

Count associated low p; particles with PID mid-p; trigger
* Near side: Number of jet associated particles from same jet.

* Away side: Number of fragments from opposing jet. .
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Jet correlation: near side

PHENIX, nucl- ex/0408007

lllll

—
[

b
(4 - —
(*))
= - Near Slde -
s | -
B 005 * i _
> L T -
0 i X Recombination model (dashed line) i
B e meson triggers, AuAu i
) B = baryon triggers, AuAu |
‘0.0) | T T WU SN TR SR N W1 | I T T T S S S S S S S S S S S S S S S | P
0 100 200 300

d-Au, p+p (charged)

©
0}
=

Trigger (PID)
pr =2.5-4.0 GeV/c

Near side

* No apparent difference on jet partner yield between trigger baryons and
mesons, perhaps except most central Au+Au for baryons.
» Suggested intermediate p; baryon arises from a fragmentation from jet.
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Jet correlation: away side

PHENIX, nucl-ex/0408007

O e et R Trigger (PID)

.% 0.1:_ Away Side = Imeson triggess, dAu _: Pr=2.5-4.0 GeYic
&= | o baryon triggers, dAu -

% i s+ charged hadron triggers,pp | Near side

> o005 -

hl
HH
— —=H
0
—_—s—
+—— —

(=]
Ty

C T T

T T ]

| g,
—
L1

\ 100 300 300

o

d-Au, p+p (charged)

* Meson and baryon are comparable and decreasing at most central
Au+Au collisions.

 In agreement with the disappearance/ broadening of back-to-back
jet correlation in central Au+Au.
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Au+Au Vs, = 62.4 GeV TDIZF - RBEFHERK

it 62.4 GeV?

1)Located in the middle between
SPS(17GeV) and RHIC top energy (200
GeV) in Vs

2)Many reference data from ISR.

3)Provide a constraint on jet quenching
model.
4)Allow to study the excitation function of

baryon production/transport, further
constrain on various models for hadron

production at intermediate p.

26
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Raa @ 62.4 GeV: Charged hadron and

PHENIX Preliminary

AA
F

lIIIIIIlI
lllIllIll

0.8

charged

0.6

0.4

0.2

IIIIIII|III|III|III
‘Illllllllllllllllll

0IllIIllllllIIIIIIIIlllIIIIIlIIlIIllI

0 1 2 3 4 5 6 7
pr (GeVic)

« Common reference p+p—>charged+X is used (instead of ISR n0 reference).

« Clear difference between charged and =° at intermediate p; up to 4 GeVi/c.
« Suggests a large proton contribution in this p; region, as seen in 200 GeV data.
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h*/n® and h-/x° ratios @ 62 GeV
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« Monotonic increase for both ratios at measured p,
starting from 1.6.

« Difference between negative and positive hadron to x°
ratio.
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p/m*, pbar/mt- ratios @ 62 GeV

H A
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Large proton contribution at intermediate p; 62.4 GeV (too).
Less antiproton in central collisions at 62.4 GeV than 130/200 GeV.

Indicating more baryon transport and less p-pbar pair production at
62 GeV than 200 GeV.

The 62 GeV p; spectra will tell us more about the excitation function of
chemical properties, scaling and radial flow at RHIC (stay tuned!). 29



Baryon transport to mid-rapidity

¢ Clear systematic trend
with collision energy

Ratio

STAR Preliminary m B
- 0

T 1 Illflll

¢ Very similar trend betweenio™
heavy ion and p-p

T 1|ll||[

|

10 ® STAR - RHIC Au-Au

m NA49 - SPS Pb-Pb
E866 - AGS Au-Au

= - ISR p-p

el

1 10 10° Vs (GeV/c?)

| If]lel

62.4 GeV data fits into pattern
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Energy Dependence of Net-Protons
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The shape of the distributions BRAHMS

changes dramatically with energy nucl-ex/0313023

AGS: baryonic system <= RHIC: mesonic system
— Large implications in the hadronic sector
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Rapidity Distributions (Pions)

300F :
[| 0-5% centrality

BRAHMS

Pion rapidity distributions fit perfectly to D. Ouerdane, QM04
Gaussians at all energies

Boost invariance of particle production?
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A by E>Z Rapidty Shift oy

Baryon number distributions at
lower energies: higher energies:

)}o Yo

Determines the energy available in the produced fireball
How does the rapidity shift 6y evolve with beam energy?
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4+ % ... (short-lived resonance)

Produced short lived resonances (K*, p)
» rescattering of daughters
* regeneration effect

Ratios short-lived/long-lived are
smaller in Au+Au than in p+p

collisions.
Thermal model predictions are
higher than data.

<

y Q measured
% .

K > K

K

Chemical Thermal
freeze-out freeze-out

resonance/non-resonance

>
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STAR Preliminary \s = 200 GeV
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Thermal model [1]:
Life time: T=177 MeV
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L(1520) = 13 fm/c
K(892) = 4fm/c
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Spectators

BBC charge sum vs ZDC total energy
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